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(54) Process for the treatment of liquid residues from photographic processes 

(57) Decribed are a process for the treatment of liq- 
uid residues from photographic processes, in which the 
residues are, where necessary after dilution, oxidized in 
stages with oxygen and ozone and where precipitated 
solids are, after pH value setting and the addition of 
auxiliary substances, separated by filtration from the 
oxidized residues, and a process for performing this 
process. In the new process, the residues to be treated 
are subjected to the following process stages: 

(a) oxygen oxidization, 

(b) oxygen-supported mild anodic oxidization and 

(c) a further complete anodic oxicfization with cur- 
rent intensities higher than in (b), 

(d) in a manner known per se to an ozone treatment 
and in stage 

(e) the precipitated solids are separated in a man- 
ner known per se. 
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(b) subjected to ozone oxidization, 

(c) where necessary, halogenide ions are removed 
from the oxidized residue, 

(d) the residues largely freed of halogenide ions are 
where necessary subjected to an anodic post-oxidi- 
zation, and to 

(e) cathodic reduction, then 
(0 neutralized and finally 

(g) freed by filtration from precipitated solids. 

The known process according to EP 0 472 705 and 
DE 691 00 619 T2 permits both the treatment of diluted 
residues, i.e. residues that after being generated in 
operation can be diluted to about 10 to 20 times their 
original volume by wash water or mains water, and also 
of concentrated aqueous residues such as occur in 
operation. 

The drawback of the known process is however that 
it is comparatively time-consuming and expensive for 
achieving optimum results, and that in particular the bio- 
logically non-degradable complexing agents such as 
EDTA and PDTA cannot be optimally decomposed. 

The object underlying the present invention was 
therefore to further improve the process known from EP 
0 472 705 and DE 691 00 619 T2. with particular con- 
sideration of as complete a decomposition as possible 
of the complexing agents present in the residues to be 
treated. 

It was found that the object set can be attained 
using a process and a device as characterized in the 
claims. 

Accordingly, the subject of the invention is a proc- 
ess for treating liquid residues from photographic proc- 
esses in which the residues, where necessary after 
dilution, are oxidized step by step with oxygen and 
ozone, and precipitated solids from the oxidized resi- 
dues are separated by filtration after pH value setting 
and addition of auxiliary substances, characterized in 
that the residues to be treated are subjected before the 
ozone treatment to three-stage oxidization, comprising 
the stages: 

(a) oxygen oxidization, 

(b) oxygen-supported mild anodic oxidization and 

(c) further complete anodic oxidization with current 
intensities higher than in (b). 



Advantageous embodiments of the process are 
shown in the sub-claims. 

The subject of the invention is furthermore a device 
as characterized in Claim 23. 

The treatment facility can furthermore be supplied 
with concentrated and diluted aqueous residues repre- 
senting mixtures from a wide variety of baths, e.g. mix- 
tures from the residues of thiosulfate-free baths such as 
developing baths, and thiosulfate-containing baths such 
as f ixing and bleach fixing baths, ft may however also be 
advantageous to optimize the process by supplying the 



treatment facility with thiosulfate-containing residues 
separately from those residues free or largely free of thi- 
osulfate, and subjecting only the thiosulfate-containing 
residues to anodic oxidizations before passing them on 
5 to ozone oxidization. 

In accordance with an advantageous embodiment 
of the invention, the procedure is such that residues free 
or largely free of thiosulfate on the one hand and resi- 
dues containing thiosulfate on the other hand are sub- 
to jected separately from one another to oxygen 
oxidization according to stage (a) and that the residues 
containing thiosulfate are oxidized according to stages 
(b) and (c) before combining the two differently treated 
residues, which are then subjected to ozone oxidization 
15 according to stage (d). 

Characteristic for the process of the invention is a 
three-stage oxidization with the stages (a), (b) and (c), 
described in detail below. It was found that the object set 
can be attained by ensuring in stage (a) that the con- 
20 centration of dissolved oxygen is as high.as possible 
and by performing the anodic oxidization in two stages 
(b) and (c) under different conditions. In stage (b) the 
anodic oxidization takes place under "mild" conditions. 
This means an anodic oxidization with comparatively 
25 low current intensities of preferably below 50 A, advan- 
tageously from 10 to 20 A. for example. It has become 
evident that a high oxygen load into thiosulfate-contain- 
ing solutions results in an effective oxidization at low 
current intensities of the stated magnitude without sub- 
30 stantial generation of elementary sulfur, such that a dif- 
ficult sulfur separation can be dispensed with. In 
addition, a very high current yield is achieved. By con- 
trast, the further anodic oxidization following stage (b) 
takes place with comparatively high current intensities 
35 of more than 50 A, in particular 1 00 to 200 A. In accord- 
ance with a particularly advantageous embodiment of 
the invention, electrolysis cells with a special anode 
material are used. By a "complete" anodic oxidization it 
is meant that all organic constituents, in particular also 
40 the harmful complexing agents EDTA and PDTA, are 
decomposed almost completely, i.e. mineralized, so that 
all organic carbon is present in the form of carbonate. 

The electrolysis cells used in stage (c) in accord- 
ance with a particularly advantageous embodiment of 
45 the invention have special steel cathodes, in particular 
special steel grilles, and silicon disks with diamond 
coating as anodes. 

This type of electrolysis cell usable in accordance 
with the invention is described in, for example, US-PS 
so 5,399,247 entitled "Method of electrolysis employing a 
doped diamond anode to oxidize solutes in waste 
water". 

In the following, the individual process stages are 
described in detail: 
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(a) oxvoen oxidization 

The oxygen oxidization (aeration) serves to oxidize 
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the comparatively easy-to-oxidize harmful substances, 
in particular sulfite. The oxygen oxidization with air as 
the oxygen carrier can be achieved by blowing air into 
the residues to be treated. It has become clear that the 
air distribution is of great importance. The air is loaded 5 
in a particularly advantageous manner using the suction 
jet principle. The progress of oxygen oxidization can be 
traced by, for example, continuous determination of the 
sulfite content. It has proved advantageous for the resi- 
dues to be treated with air or with another oxygen-con- 10 
taining gas in stage (a) until 80 or 90 % of the sulfite 
originally present has oxidized into sulfate. 

It is important for the oxygen oxidization to dissolve 
as much oxygen as possible into the residues to be 
treated. As a result, all processes are suitable using is 
which high oxygen concentrations are possible. For 
example the suction jet principle in particular has 
proved superior for air/oxygen loading compared to the 
conventionally used compressors with gas distribution 
system. 2 o 

(b) oxygen-supported mild anodic oxidization 

This anodic oxidization, which takes place in one or 
more electrolysis cells, is used for completion of sulfite 25 
oxidization and thiosulfate oxidization, combined with a 
reduction of the CSB value. 

The oxidization potential of the oxygen is not suffi- 
cient for effective oxidization of the thiosulfate, so the 
oxidization process during oxygen oxidization is not as 30 
required. 

It has however become clear that thiosulfate can be 
oxidized by anodic oxidization using high current inten- 
sities. However, this generates a large amount of unwel- 
come elementary sulfur. 35 

It has now been found that thiosulfate oxidization 
can be effectively performed even with very low current 
intensities, provided that as high a oxygen concentra- 
tion as possible is generated in the thiosuffate-contain- 
ing partial flow of the residues. This can, as already set 40 
forth, be achieved using the suction jet principle. Partic- 
ularly high oxygen values of up to 30 mg of Og/I can be 
achieved by using the residual oxygen from ozoning. 

A "mild" anodic oxidization must therefore be 
understood as oxidization using low current intensities. 45 
Current intensities of 10 - 20 A can be advantageously 
used instead of the 100 - 200 A possible. 

Known electrolysis cells with corrosion-resistant 
electrodes can be used for anodic oxidization. In 
accordance with a particularly advantageous embodi- so 
ment of the invention, electrolysis cells are used with an 
anode material of titanium coated with noble-metal 
oxides (e.g. of platinum, rhodium and iridium and cer- 
tain combinations thereof), which is particularly corro- 
sion-resistant. Cells of this type are commercially ss 
available, for example under the designation enViro- 
Cell® from the company of the same name. In the case 
of the tests described later, modified cells with the des- 



ignation enViro-Cell® were used, i.e. the membrane 
was removed and a special steel cylinder inserted as 
the cathode, on the surface of which a thin polyethylene 
film was loosely attached. In this way, thiosulfate in res- 
idues can be oxidized particularly quickly and effectively 
with slightly acid pH value, without this resulting in note- 
worthy formation of elementary sulfur. 

(c) complete anodic oxidization 

This process stage differs from the process stage 

(b) primarily in the use of higher current intensities. It 
has proved advantageous in the case of process stage 

(c) to use current intensities that are 10 to 20 times 
higher, and preferably 20 times higher, than the current 
intensity used in the process stage (b). Although in prin- 
ciple the same or similar electrolysis cells can be used 
as in stage (b), electrolysis cells with a special anode 
material are used in accordance with a particularly pre- 
ferred embodiment of the invention for implementation 
of the process stage (c). Advantageously, the anodes 
used comprise silicon disks with a diamond coating, 
these anodes in turn being advantageously combined 
with special steel cathodes, in particular cathodes made 
from a special steel grille. Electrolysis cells of this type 
are described in. for example, US-PS 5.399.247 entitled 
"Method of electrolysis employing a doped diamond 
anode to oxidize solutes in waste water". 

The use of such electrolysis cells for anodic oxidiza- 
tion permits a particularly effective oxidization of all 
organic constituents present, in particular the complex- 
ing agents. The number of electrolysis cells needed 
depends first and foremost on the concentration of corn- 
plexing agents present. 

(d) ozone oxidization 

The oxidization potential of the oxygen is not suffi- 
cient for oxidizing many of the compounds present in 
the liquid residues to be treated and which are to be 
removed. The organic developer compounds in particu- 
lar cannot be oxidized in the manner necessary by oxy- 
gen oxidization. 

It has become clear that the compounds not yet oxi- 
dized in stage (a) can be effectively oxidized by an oxi- 
dization using ozone. This applies in particular for the 
various organic compounds present, mainly the devel- 
oping substances such as hydroquinone, p-phenylene 
diamines etc. 

It has proved useful to continue the ozone treat- 
ment until the CSB value of the residues has been 
reduced by 60 to 70 %. 

The ozone treatment can be performed by blowing 
an oxygen/ozone mixture produced by a standard 
ozone generator into the residues to be treated. The 
ozone generator can be fed with pure oxygen from liquid 
oxygen and/or with compressed air and residual gases 
generated during ozone oxidization. 
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In accordance with an advantageous embodiment 
of the invention, the ozone treatment is enhanced by the 
addition of H 2 0 2 in order to achieve the shortest possi- 
ble treatment time. 

s 

(e) separation of solids 

The residues subject to ozone treatment are alka- 
line. They are mixed with the electrolytically oxidized 
iron-containing residues. 10 

The precipitation of the solids takes place in a man- 
ner known per se by adding alkaline-reacting sub- 
stances, such as NaOH or Na 2 C0 3 , or if necessary lime 
milk, where necessary with the assistance of auxiliary 
substances. 15 

The sludges precipitated in stage (e) were filtered 
out and passed on for solids disposal. The waste water 
freed of precipitation products can be discharged into 
the public sewage system. 

20 

Drawing 

The drawing is intended for more detailed explana- 
tion of the invention. The sequence of individual proc- 
ess steps is shown in diagrammatic form during the 25 
treatment of separately collected thiosulfate-containing 
and thiosulfate-free undiluted residues. 

As the drawing shows, the thiosulfate-free residues 
from photographic processes collected in the collecting 
tank 1 are passed via the line 2 to the tank 5, in which 30 
the oxygen oxidization is performed, for example by 
blowing in air or loading using a suction jet of air sup- 
plied via line 7. 

The thiosulfate-holding liquid residues from photo- 
graphic processes are passed from the collecting tank 3 35 
via the line 4 to the tank 6 in which the oxygen oxidiza- 
tion takes place, for example by blowing in air or prefer- 
ably by loading using a suction jet of air supplied via line 
8. 

Lines 9 and 1 0 are for waste air discharge. 40 
After completed oxygen oxidization, the thiosulfate- 
containing air-oxidized residues are passed via the line 

12 into the electrolysis system 13, which comprises a 
tank with pH value control, a pump transfer system, and 
one or more electrolysis cells. Several electrolysis cells 45 
can be connected up in parallel or in series. With one or 
more suction jets, the oxygen in the waste air 17 from 
ozone oxidization is passed to the electrolysis system 

13 via the line 15. The electrolysis system 13 is con- 
nected via the line 1 6 to the waste air system 1 7. so 

After completion of oxygen oxidization of the thio- 
sulfate-free residues, the latter are passed via the line 
1 1 to the tank 20 and there subjected to pre-ozoning 
with the waste air flow 23 from the tank 22, which con- 
tains oxygen and residual ozone. The pre-ozoned waste ss 
water is passed via the line 21 to the tank 22 and hence 
subjected to the ozone treatment proper. Instead of two 
ozone treatment tanks, several can also be used as 



necessary. 

The ozone required is produced in the ozone gen- 
erator 25 in the pure oxygen flow obtained from the liq- 
uid oxygen 26 and passed via the line 27 in the form of 
an ozone/oxygen mixture into the tank 22 from under- 
neath and there brought into as intensive a contact as 
possible with the waste water. If several tanks are con- 
nected up one behind the other, the oxygen mixture in 
each tank is passed from underneath to the waste water 
or the waste air of a tank is passed from underneath to 
the previous tank on the cascade principle. 

Instead of producing ozone from pure oxygen, it is 
also possible to generate it from enriched oxygen from 
normal air, or directly from normal air. 

For enhancing the effect of the oxidization with 
ozone, hydrogen peroxide is added steadily via the line 
24. 

Ozoning normally takes place under weakly alka- 
line conditions, with constant pH value setting using 
caustic soda solution. 

Ozone monitoring of the waste air and the room air 
via the lines 29, 30 and 31 (when the ozone generator is 
separately disposed) can advantageously be achieved 
using an ozone monitoring device 28 that switches off 
the ozone generator 25 when a certain ozone concen- 
tration value is exceeded. 

After completing electrolytic oxidization of the thio- 
sulfate-containing residues, the latter are passed via the 
line 14 to the tank 18. Here caustic soda solution is 
added via the line 19. and a pH value of 12 is set. If nec- 
essary dilution with water takes place. 

The strongly alkaline partial flow is passed via the 
line 32 to the electrolysis system 33, which comprises a 
tank, preferably several electrolysis cells, a pump trans- 
fer system, and a cooling system. 

Hydrogen peroxide can be advantageously added, 
as this accelerates the decomposition of the constitu- 
ents. 

After completion of electrolytic oxidization, the resi- 
dues are passed via the line 34 to the tank 36. together 
with the residues from the ozoning tank 22, which are 
supplied via the line 35. 

In the tank 36, a pH value of 4 is set by adding sul- 
furic acid via the line 37, then lime milk and water glass 
are added in a certain ratio, manually or automatically, 
and then a pH value of 8 is set using caustic soda solu- 
tion via the line 38. 

With a pH value of 8, a flocculation agent is best 
added for enlarging the iron hydroxide flakes. After set- 
tling of the solids in the tank 36, the clear liquid above it 
can be drained off via a control tank (for sampling pur- 
poses) via line 43 into the public sewage system. 

The residues, which comprise in particular iron 
hydroxide, are passed to the filter station 40 via the line 
39. Here the liquid portion is passed via the lines 41 and 
43 to the public sewage system. The solid residue of the 
filter station is passed via mobile collecting tanks for dis- 
posal via line 42. 
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The residues are conveyed through the system by 
pumps, which have been omitted from the drawing for 
the sake of clarity. 

The following example is intended to explain the 
invention in greater detail 5 

Example 

In a treatment facility as shown in the drawing, 
exhausted developing solution (part residue A) and 10 
exhausted but desilvered fixing baths, bleach fixing 
baths and bleaching baths from a photographic labora- 
tory, diluted with about 15 % water (part-residue B), 
were treated. 

The ratio of the part-residues A and B was about is 
2:1. The part-residue A contained a maximum of 1 1 g/l 
of sulfite, the CSB value was about 35 of 0 2 /l. The 
sulfite content of part-residue B was about 3.5 g/l and 
the CSB content around 65 g of 0 2 /I. 

In the aeration stations 5 and 6, the part-residues A 20 
and B were treated with air oxygen long and intensively 
according to the suction jet principle until the sulfite con- 
tent of the part-residue A was only about 0.75 g/l and 
the CSB value had fallen to about 32.5 g of 0 2 /l. In the 
case of the part-residue B. the sulfite content was 25 
reduced to practically zero. The thiosulfate content of 
the part-residue B was after aeration about 14 g/l and 
the CSB value approx. 61 .5 g of 0 2 /l. 

The part-residue B was then subjected in the elec- 
trolysis station 1 3 to an anodic oxidization intensified by 30 
oxygen loading. In this example, the electrolysis station 
1 3 comprised 1 2 cells that differed in their design as fol- 
lows from commercially available cells of the en Viro Cell 
ER/1/TC-KF type (made by Deutsche Carbone): each 
cell comprised a round cell with internal anode and 35 
external cathode. The anode consisted of a titanium 
expanded metal cylinder with noble metal oxide coating, 
as already described. The cathode comprised a special 
steel cylinder close up against the inner cell wall. 
Between the anode and the cathode a porous polyethyl- 40 
ene film contacting the cathode surface was inserted. 
Unlike a genuine membrane, the film was open at the 
bottom of the cell, hence forming a kind of "pseudo- 
membrane". This did not cause any real separation of 
the anode and cathode liquid, the flow of anodically oxi- 45 
dized liquid directly onto the cathode was however 
largely prevented in this way and hence also the imme- 
diate reduction as the back-reaction. 

By the modification of the electrolysis cells com- 
pared with those of the commercially available type so 
enViro Cell ER/1/TC-KF (made by Deutsche Carbone), 
the efficiency of the electrolysis station compared with 
the use of commercially available cells was able to be 
adapted to the problem of rapid thiosulfate oxidization 
without the formation of sulfur. 55 

The cells were used in groups each comprising 4 
cells arranged in parallel, each group with a pump trans- 
fer system and suction jet ensuring the loading of oxy- 



gen from the ozone reactor waste air. Each cell was 
operated with 10 A/2. 1 V. The pH value was kept at 
about 4. 

After leaving the electrolysis station 13, the sulfite 
content of the part-residue B was practically zero and 
the thiosulfate content was less than 1 g/l. The CSB 
content was about 53.5 g of 0 2 /l. 

The part-residue B was then set in the tank 18 with 
caustic soda solution (30 %) to a pH value of 12, with 
the iron contained in the residue B being converted into 
hydroxide. Then the part-residue B containing the iron 
hydroxide was supplied to the electrolysis station 33, in 
which an almost complete anodic oxidization of the 
organic constituents took place. 

The electrolysis station comprised several cells with 
special steel grille cathodes and diamond-coated silicon 
anodes each having their own current supply. Electroly- 
sis took place with 35 A/6 V per cell. In the pump trans- 
fer system, a cooling facility was provided to Keep the 
temperature of the liquid at a constant 30°C. " f 

Electrolysis cells of the type used with special steel 
grille cathodes and diamond-coated silicon anodes are 
known from US-PS 5,399,247 entitled "Method of elec- 
trolysis employing a doped diamond anode to oxidize 
solutes in waste water". 

After leaving the electrolysis station 33, the 
EDTA/PDTA content was less than 20 mg/l and the CSB 
value around 300 mg/l of 0 2 /l. 

The part-residue A from the aeration station 5 was 
transferred to the ozoning tanks 20 and 22 and sub- 
jected to ozone oxidization until the surfite/thiosulfate 
content had fallen to almost zero and the CSB value had 
been reduced by 50 %, i.e. to approx 16 g of 0 2 /l. The 
ozone generator 25 used had a capacity of 4 kg of 
ozone per hour. The H 2 0 2 (35 %) was metered in a 
quantity of 1 5 liters per hour and the pH value was kept 
at 8. The residue from the ozoning tank 22 was supplied 
to the tank 36. The residue B from the electrolysis sta- 
tion 33 was likewise supplied to the tank 36 added after 
completion of anodic oxidization, as a result of which 
the two partial flows A and B were combined. 

By the addition of sulfuric acid (20 %) via the line 

37, the tank content was set to a pH value of 4, to which 
were added 1 0 liters of 1 0 % lime milk per m 3 and water 
glass solution (1 liter per m 3 ). The pH value was then 
set to 8 using caustic soda solution (30 %) via the line 

38, and the f locculation agent Sedipur CF 404 (BASF) 
was added as a 0.25 % aqueous solution (5 liters per 
m 3 ). The switch-on tank agitator ensured good mixing of 
all additives. 

After the agitator was switched off. the iron hydrox- 
ide was filtered off once settled in the filter station 40. 
The clear solution above it could be drained off directly. 

The liquid residue leaving the filter station was free 
of suff ite/thiosurfate, had a CSB value of 10 g of 0 2 /l and 
contained less than 10 mg/l of EDTA/PDTA. The iron 
content was less than 5 mg/l and the silver content less 
than 0.5 mg/l. Water-containing iron hydroxide was sep- 
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waste. that the oxygen oxidization according to stage (a) is 

performed in the first part-stages with room air or 
with other gases containing oxygen using'the suc- 
tion jet principle. 
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arated in the filter station and disposed of as 

Claims 

1 . A process for the treatment of liquid residues f pho- 
tographic processes, in which said residues are, 
where necessary after dilution, oxidized in stages 
with oxygen and ozone and where precipitated sol- 
ids are. after pH value setting and the addition of 
auxiliary substances, separated by filtration from 
the oxidized residues, characterized in that the res- 
idues to be treated are subjected to a three-stage 
oxidization process having the stages: 

(a) oxygen oxidization, 

(b) oxygen-supported mild anodic oxidization 
and 

(c) a further complete anodic oxidization with 
current intensities higher than in (b), and in that 
said residues are subjected 

(d) in a manner known per se to an ozone treat- 
ment and in stage 

(e) the precipitated solids are separated in a 
manner known per se. 

2. A process according to Claim 1, characterized in 
that the residues to be treated are subjected to the 
process steps a), d) and e) without thiosulfate in 
undiluted form. 

3. A process according to Claim 1 , characterized in 
that residues containing thiosulfate and complexing 
agents are used in moderately diluted form. 

4. A process according to Claim 4, characterized in 
that residues without thiosulfate on the one hand 
and residues containing thiosulfate and complexing 
agents on the other hand are subjected separately 
from one another to oxygen oxidization according to 
stage (a) and after ozone oxidization of the thiosul- 
fate-free residues by stage (d) on the one hand and 
after anodic oxidizations (b) and (c) of said residues 
containing thiosulfate and complexing agents on 
the other hand said two differently treated residues 
are combined and subjected to solids separation 
according to stage (e): 

5. A process according to Claims 1 to 4, characterized 
in that the oxygen oxidization according to stage (a) 
is performed in two or more part-stages. 

6. A process according to Claims 1 to 5, characterized 
in that the residues are treated in stage (a) with air 
or another gas containing oxygen until at least 90 % 
of the oxygen originally present has been oxidized 
to sulfate. 

7. A process according to Claim 5. characterized in 



9. A process according to Claim 8, characterized in 
that the anodic oxidization is performed with very 
low current intensities. 

10. A process according to Claim 8, characterized in 
that the anodic oxidization is performed with low 
current intensities and with a high concentration of 
dissolved oxygen in the residue. 

11. A process according to Claim 10, characterized in 
that the high dissolved oxygen content in the resi- 
due is achieved by loading oxygen using suction 
jets. 

12. A process according to Claim 11. characterized in 
that oxygen loading using suction jets is achieved 
by using the ozone reactor waste air. 

30 13. A process according to Claim 1, characterized in 
that the thiosulfate-free residues from stage (a) are 
treated with ozone until the CSB value has been 
reduced by at least 50 %. 

35 14. A process according to Claim 13, characterized in 
that ozone oxidization (d) is supported by H2O2. 

15. A process according to Claims 1 to 14, character- 
ized in that the residual oxygen generated during 

40 ozone oxidization in stage (d) is used for anodic oxi- 
dization (b). 

16. A process according to Claim 14, characterized in 
that H 2 0 2 addition during ozoning is selected large 

45 enough to ensure as short an ozoning time as pos- 
sible. 

17. A process according to Claim 1, characterized in 
that stage (c) for residues containing thiosulfate and 

so complexing agents is performed in at least one 
electrolysis cell. 

18. A process according to Claim 17, characterized in 
that the residues subjected to stage (b) are set 

55 using alkali to a high pH value and a high solids pre- 
cipitation is achieved. 

19. A process according to Claim 17, characterized in 



5 

8. A process according to Claim 1, characterized in 
that the residues containing thiosulfate and com- 
plexing agents are subjected to anodic oxidization 
until the thiosulfate content has been reduced by 95 

10 %. 
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that electrolysis cells are used that have special 
steel grilles as cathodes and silicon disks with dia- 
mond coating as anodes. 

20. A process according to Claim 17. characterized in s 
that the residues are passed through a circuit with 
cooling by the electrolysis cells. 

21. A process according to Claim 1, characterized in 
that the residues are subjected in stage (c) to 10 
anodic oxidization until the concentration of the 
complexing agents EDTA/PDTA is less than 20 
mg/1. 

22. A process according to Claims 1 to 21 , character- is 
ized in that the ozone required for ozone oxidization 

in stage (d) is generated in an ozone generator fed 
with pure oxygen from liquid oxygen or compressed 

air. 

20 

23. A device for performing the process according to 
Claims 1 to 22 having at least one aeration station 
(5) for oxygen oxidization of the thiosulfate-free liq- 
uid residues, at least one aeration station (6) for 
oxygen oxidization of the liquid residues containing 25 
thiosulfate and complexing agents, at least one 
electrolysis station (13) for mild anodic oxidization, 

at least one station (18) for pH value increase, at 
least one electrolysis station (33) for complete 
anodic oxidization at least two ozoning stations in 30 
series (20/22) for ozone oxidization of the thiosul- 
fate-free residues oxidized in said aeration station 
(5). and a station for precipitation of iron hydroxide 
(36) with an iron hydroxide filtration station (40) for 
removing precipitated solids from the two combined 35 
pretreated residue flows. 
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(54) Process for the treatment of liquid residues from photographic processes 

(57) Decribed are a process for the treatment of liq- 
uid residues from photographic processes, in which the 
residues are, where necessary after dilution, oxidized in 
stages with oxygen and ozone and where precipitated 
solids are, after pH value setting and the addition of 
auxiliary substances, separated by filtration from the 
oxidized residues, and a process for performing this 
process. In the new process, the residues to be treated 
are subjected to the following process stages: 



(a) oxygen oxidization, 

(b) oxygen-supported mild anodic oxidization and 

(c) a further complete anodic oxidization with cur- 
rent intensities higher than in (b), 

(d) in a manner known per se to art ozone treatment 
and in stage 

(e) the precipitated solids are separated in a man- 
ner known per se. 
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